Background: Dyspepsia and heartburn are among the most frequent complaints of the upper gastrointestinal tract impacting quality of life. The present study aimed to investigate the impact of drinking a natural mineral water (medicinal product category "Heilwasser" in Germany) high in hydrogen carbonate (Staatl. Fachingen STILL) on functional dyspeptic complaints and heartburn. Methods: 56 men and women with self-reported heartburn were enrolled to this one-arm pilot study. They had to drink 1.5 L of a hydrogen carbonate rich mineral water each day over a course of six weeks. Participants reported the number and duration of heartburn episodes in a daily dairy. The Reflux Disease Questionnaire (RDQ), Quality of Life in Reflux and Dyspepsia questionnaire (QOLRAD) and the Gastrointestinal Quality of Life Index (GILQI) were used to assess the therapeutic course of the treatment and the Short Form Health Survey (SF-12) to assess general quality of life. Mean ± standard deviation were calculated and pre-and post-treatment changes were compared using the Wilcoxon test. Results: The consumption of a hydrogen carbonate rich mineral water decreased the number of heartburn episodes per week significantly by 4.8 ± 8.2 at the end of the study (p < 0.001). The duration of episodes was also significantly reduced by 25.7 minutes after six weeks of intervention (p < 0.001). Accordingly, the subjectively perceived severity of heartburn, regurgitation and dyspeptic complaints as well as the GERD dimension as assessed by Reflux Disease Questionnaire improved significantly. There was a significant improvement in the disease-specific quality of life as measured by the Gastrointestinal Quality of Life Index (p < 0.001) and by the Quality Of Life in Reflux and Dyspepsia (p < 0.001) questionnaires and the general health-related quality of life as assessed by SF-12 (p < 0.007). Conclusions: The present pilot study provides evidence that supplementation with natural mineral water rich in hydrogen * Corresponding author.
Introduction
Functional gastrointestinal (GI) disorders are described as a group of GI disorders including different combinations of chronic or recurrent symptoms that cannot be explained by structural or biochemical abnormalities [1] . Among the functional GI disorders, functional dyspepsia, which presents as epigastric pain or burning, early satiety during normal-sized meals, or postprandial fullness without an organic disease in the upper GI tract, is one of the most prevalent functional GI disorders with a reported prevalence rate of 7% -20% [2] - [4] . The underlying pathophysiology of functional dyspepsia is still not fully understood, but there are indications that delayed gastric emptying, impaired gastric accommodation to a meal, visceral hypersensitivity to distension, hypersensitivity of the duodenal bulb to acid, or central nervous system dysfunction may play an important role [5] - [8] .
Various dyspeptic symptoms are frequently associated with reflux and heartburn. Gastro-esophageal reflux is a cluster of symptom frequencies and/or severities with occasional or mild symptoms experienced by a large proportion of the population [9] [10] . Indeed, in the Western World, a prevalence rate of 17% -42% was reported [10] [11] , with 6% -27% of the general population experiencing symptoms once a week. Reflux symptoms, even mild ones, are one of the most common gastro-intestinal complaints and have been shown to reduce well-being and quality of life [12] . In general, heartburn comprises symptoms of gastro-oesophageal discomfort such as retrosternal discomfort or pain that can radiate toward the neck, throat, or angle of the jaw and is often worse postprandially, during exercise, or while lying recumbent [13] . It is usually associated with regurgitation of gastric acid, and it may be accompanied by dyspeptic complaints such as bloating, distension, nausea, or lack of appetite.
The aetiology of heartburn is very complex and is mainly induced by acidic esophageal reflux, but non-acidic or duodeno-gastroesophageal reflux or motor abnormalities are also causes for heartburn [14] . Moreover, certain types of food and beverages but also lifestyle factors can induce postprandial heartburn [15] . Based on the numerous mechanisms and influencing factors, the spectrum of heartburn comprises functional complaints, an acid-hypersensitive esophagus, and gastroesophageal reflux disease (GERD) with or without endoscopically visible lesions.
As diverse as the pathophysiology of heartburn is, so also do the pharmacological therapy options vary. Usually, antacids, prokinetics, antispasmodic drugs, or gastroprotective agents are recommended, with antacids being one of the most popular over-the-counter treatments for occasional heartburn episodes. However, the different remedies are not always satisfactory, especially for patients with functional complaints [16] . As the exact causes of functional dyspepsia remain unclear, a similar picture can be drawn for the therapy of functional dyspepsia.
Natural water rich in minerals has been used for decades in the treatment of heartburn and dyspeptic symptoms. As yet, only a small number of clinical studies have been conducted investigating the efficacy of natural waters on dyspepsia and heartburn [17] - [19] .
The therapeutic water Staatl. Fachingen STILL, is as medicinal product (category therapeutic water "Heilwasser") in Germany on the market and is rich in hydrogen carbonate, calcium and magnesium. For simplicity reasons within this publication the water is called a "mineral water". Staatl. Fachingen STILL, has been known for centuries for its positive effects on heartburn, acid regurgitation, abdominal fullness and gastric discomfort. In the early 50s, cures with the mineral water showed an improvement of different forms of gastritis after drinking the water for several weeks [20] . The aim of the present open label pilot trial was to systematically investigate the effects of a natural mineral water rich in hydrogen carbonate on dyspeptic syndrome and heartburn in patients with self-reported heartburn.
Methods

Study Design
The trial was conducted as a mono-centric, single arm pilot study in patients with heartburn. The study was approved by the Ethics Committee (Office for Health and Social Affairs, Berlin, Germany). It was conducted in compliance with the Declaration of Helsinki as well as the German Pharmaceuticals Act, the principles of ICH-GCP, and the German GCP-V. The trial was registered in the European Clinical Trials Database (EudraCT) as EudraCT No 2013-001256-36. Participants gave written informed consent prior to the study.
Study Participants
A total of 56 subjects aged 18 -65 who had self-reported heartburn for at least two times a week for a duration of at least 3 months (the frequency was additionally checked in patient's diary during a run-in phase between the screening and the baseline visit) and did not receive prescribed treatment for heartburn, gastro-esophageal reflux or other disorders of the upper gastro-intestinal system were enrolled to the study site in Berlin. The subjects were recruited from the subject database and via advertising. They were asked not to change their dietary habits and had to be accustomed to drinking at least 1300 ml of water daily, incl. tea and mineral water (the quantity was also evaluated per patient's diary during the run-in phase). Women of childbearing potential had to agree to use contraception methods. Subjects were excluded if they presented with weight loss of ≥6 kg in the last 6 months prior to the study, gastrointestinal bleeding within 12 months prior to the study, dysphagia, Zollinger-Ellison syndrome, oesophageal or gastric malignancy, gastric or duodenal ulcer, pernicious anaemia, Barrett's oesophagus or systemic sclerosis, coronary disease, anorexia, irritable bowel syndrome, previous surgery of the oesophagus, stomach, or small intestine, acute or chronic intestinal diseases, endocrine disorders, severe renal impairment, iron deficiency anemia, persistent vomiting, a family history of gastrointestinal tract malignancy, clinically relevant deviations of laboratory parameters, use of antacids, H2 receptor antagonists, motility stimulants, prokinetics, or other treatment for the relief of reflux within 2 days, or proton-pump inhibitors or psychiatric medication within 14 days prior to study start and during the study, use of treatment for Helicobacter pylori eradication or bismuth compounds within 3 months prior to study start and during the study, use of acetylsalicylic acid and nonsteroidal anti-inflammatory drugs during the study, intake of mineral water other than the investigational product during the study. Further exclusion criteria were: pregnancy or nursing (women of childbearing potential), drug, alcohol or medication abuse, participation in another clinical trial during the last 30 days prior to study start and during the study, persons that are in relationship or dependence to the sponsor or the investigator, evidence that the subject would not be able to comply with clinical trial and requirements (e.g. limited willingness to cooperate).
Intervention
During the treatment period of six weeks (±5 d), the subjects were asked to consume 1.5 L of the mineral water throughout the day. Each glass should be sipped within 5 -10 minutes. Subjects were instructed to drink 1 -2 glasses (200 -500 ml) 15 -30 minutes prior to breakfast. The remaining volume should be taken between meals and 15 -30 minutes before each main meal and, when required, with the meal. Over the course of the study a total of four visits were performed including a screening visit, a baseline visit 8 -12 d after the screening visit, a control visit 21 ± 3 d, and a final visit 42 ± 5 d after the baseline visit. The following drugs were allowed in case of urgent need: antacids, H2 receptor antagonists, motility stimulants, prokinetics, proton-pump inhibitors or other treatment for the relief of reflux, new psychiatric medication, use of treatment for Helicobacter pylori eradication or bismuth compounds, use of acetylsalicylic acid and nonsteroidal anti-inflammatory products.
The investigational product, Staatl. Fachingen STILL, contains mainly hydrogen carbonate, sodium, magnesium and calcium ( Table 1 ). The mineral water was produced by Fachingen Heil-und Mineralbrunnen GmbH and was derived from a spring in the Lahn valley, Germany.
Compliance was checked by quantifying (ml) returned mineral water and assessing the trial duration. The accepted compliance rate was defined as 75% -125% of the correct quantity of investigational product and max. five days deviation from the 6-week study period. 
Outcome Measures
Patients had to document the frequency and duration of heartburn episodes in a daily diary including information on the use of rescue medication. The Reflux Disease Questionnaire (RDQ) [21] , Quality of Life in Reflux and Dyspepsia questionnaire (QOLRAD) [22] and the Gastrointestinal Quality of Life Index (GILQI) [23] were used at the baseline, control, and final visit to assess the therapeutic course of the treatment over the course of the study. In addition, the subjective perception of well-being was assessed using the SF-12 questionnaire [24] . Eating and drinking habits were recorded in a daily diary. Liver function, lipid parameters, safety blood parameters, blood pressure and heart rate as well as body weight were assessed at screening and at the end of the intervention. Adverse events were monitored throughout the study. Patients and investigators had to independently perform a global assessment of efficacy and safety of the investigational product at the end of the study by means of a globally scaled evaluation with "very good", "good", "moderate" and "poor".
Statistics
As the study was performed as a pilot study without a confirmatory statistical hypothesis testing, there was no formal sample size calculation performed. However, a sufficient subject number to observe positive changes with respect to the study endpoints was estimated. Based on the assumption of expected changes in about 70% of subjects and in compliance with the requirements of the significance level (5.0%, two-sided) and power (80%) and according to Dixon and Mood, 56 subjects were considered required for the analysis by taking a drop-out rate of 10% into account.
Outcome parameters were presented descriptively using their statistical key data and frequency distribution, respectively. The pre-and post-treatment changes were calculated and compared using the non-parametric Wilcoxon test. The Mann-Whitney U-test was used to test for between-group comparisons. All statistical analyses were carried out on both the ITT (intention-to-treat)/FAS (full analysis set) and PP (per-protocol)/VCAS (valid case analysis set) collective. Only results for the FAS population are presented. Statistical analyses were performed with SPSS (SPSS for windows, Release 22, LEAD Technologies Inc.).
Results
56 patients were randomized (safety population). Of these, 3 subjects were excluded from the FAS population and further 13 from the VCAS population resulting in 53 and 40 participants in the FAS and VCAS population, respectively.
Out of the 56 Caucasian participants, 26 were men and 30 were women. The mean age of the study patients was 36 ± 12 years.
The mean number of heartburn per week as assessed by patient's diary decreased by 67% after drinking the mineral water for six weeks ( Table 2 ; p < 0.001). As soon as after three weeks, patients reported about 57% less episodes (p < 0.001). In addition, the duration of heartburn episodes was significantly reduced by about 26 minutes at the end of the study ( Table 2 ; p < 0.001) and by about 19 minutes after three weeks of intervention (p < 0.001). Six weeks of daily consumption of the mineral water reduced the frequency of heartburn episodes in 81% of patients and the duration in 89% of participants; at three weeks the frequency was reduced in 74% and the duration in 76% of subjects.
The RDQ was used to assess the frequency and severity of heartburn, regurgitation and dyspeptic complaints and GERD dimension. In accordance with the reduced frequency and severity of heartburn, patients experienced an improvement in all RDQ dimensions ( Table 3) . Complementary to these results, the QOLRAD sub-scores (emotional distress, sleeping disturbance, food and drink problems, physical and social functioning and vitality), also improved after six weeks of drinking the mineral water (p < 0.001 each, Table 3 ). Moreover, the GILQI sum score (Table 3) as well as the sub-scores (symptoms, emotions, physical and social function) improved significantly from baseline to week six. Lastly, there was a significant improvement regarding changes in the SF-12 sum score throughout the study. 93% of patients and 94% of the physicians rated the global evaluation of efficacy as "very good" or "good" at the end of the six weeks intervention.
Throughout the study period of six weeks, four adverse events occurred, with one case (light meteorism) possibly being associated with the intervention. None of the adverse events was classified as serious.
Neither liver enzymes nor triglycerides, cholesterol, HDL-C, LDL-C, blood pressure, or heart rate values changed significantly over time. Moreover, there was no significant difference in body weight at the end of the study.
At baseline, a total of six patients reported the intake of warm water, camomile tea or "over-the-counter" drugs with occurring heartburn, while at the end of the study none of the subjects took any remedy during a heartburn episode. All subjects were compliant with regards to the actual intake of the mineral water and the study duration.
Discussion
This is the first pilot study to evaluate the efficacy of the hydrogen carbonate rich mineral water Staatl. Fachingen STILL on functional dyspepsia and heartburn. The study shows that the daily consumption of a mineral water rich in hydrogen carbonate for six weeks reduced the frequency and duration of heartburn episodes. In addition, drinking mineral water significantly decreased dyspeptic symptoms and GERD as assessed by changes in RDQ scores. Regarding the results of the QOLRAD assessing the reflux/dyspepsia disease specific quality of life, the most concise change was observed for the dimension "problems with eating and drinking", which is in accordance with the observation that heartburn is often associated with consumption of food and beverages. In line with the relief of dyspeptic symptoms and heartburn, participants reported a subjectively perceived improvement of disease-related and health-related quality of life as assessed by the GILQI and SF-12, respectively.
Our findings that drinking a mineral water rich in hydrogen carbonate promotes the relief of dyspeptic symptoms and heartburn are in line with previous studies showing the efficacy of mineral water to improve gastroesophageal symptoms. Bertoni et al. [18] investigated the effect of drinking a bicarbonate-alkaline mineral water (683.2 mg bicarbonate/L) on various digestive symptoms in subjects with functional dyspepsia. At the end of the four weeks open label intervention study, subjects experienced a relief in postprandial fullness, gastric distension, retrosternal pyrosis and epigastric pain. Another study reported on the improvement of heartburn in subjects with gastro-esophageal reflux after drinking a mineral water containing 1750.7 mg/L hydrogen carbonate and 482.6 mg/L calcium [25] .
The acid neutralizing capacity of hydrogen carbonate is well known and is assumed to be one of the relevant mechanisms of action of mineral rich water. Within the stomach, hydrogen carbonate neutralizes gastric acid leading to a faster increase of gastric pH preventing subsequent acidic gastro-oesophageal reflux [26] . Indeed, a study in subjects with gastro-esophageal reflux investigating the effect of a mineral water rich in calcium and hydrogen carbonate showed a significant and constant increase of esophageal and gastric pH [25] . This is in line with a study conducted in 12 healthy subjects showing that drinking Staatl. Fachingen STILL increased gastric acidity in the fasting phase as well as the postprandial phase as compared to tap water [27] .
Moreover, there is evidence from a human study that exposure of the proximal duodenum to gastric acid increases proximal gastric relaxation and sensitivity to gastric distension resulting in the reduction of gastric emptying [28] . Indeed, an increased duodenal acid exposure has been associated with a higher severity of various dyspeptic symptoms in patients with dyspepsia [17] but also in healthy subjects [5] . Provided that impaired gastric motility or delayed emptying is considered one of the underlying pathophysiological mechanisms of dyspeptic symptoms [8] , the regular consumption of alkaline mineral water may contribute to the relief of these symptoms. A preclinical study in rats revealed an increase in the gastric emptying rate as compared to control after four weeks of regular intake of the mineral water [18] . Moreover, the secretion of gastric acid and pepsinogen without changes in bound mucus indicates that motor and secretory gastric functions are improved with drinking hydrogen carbonate rich water. Other studies in humans used scintigraphic techniques to show that the consumption of hydrogen carbonate rich waters enhanced gastric emptying after the intake of a labelled test meal [19] [25] [29] .
In summary, the observed effect of Staatl. Fachingen STILL on upper GI complaints can probably be attributed to its naturally high content of hydrogen carbonate. However, other minerals contained in the mineral water such as calcium, which is crucial for muscle tone, are also thought to prevent heartburn by improving the induc-tion of peristalsis and acid clearance [30] .
Some limitations of the study should be mentioned. The present study was designed as an explorative pilot study without a control group as clinical data on the efficacy of the mineral water on dyspepsia and heartburn was not available. Although the outcome of the pre-post study design allows the assumption that the hydrogen carbonate rich mineral water reduces dyspeptic symptoms and heartburn, a large-scale, randomized, placebocontrolled clinical trial is necessary to confirm the outcomes of the present study. Moreover, the patients were selected on the basis of self-reported heartburn. In future trials, standardized diagnostic criteria such as e.g. endoscopy findings, the ROME III criteria etc. should be used as proper inclusion criteria.
The presented pilot study in patients with self-reported heartburn provides the first clinical evidence of the beneficial effect of drinking 1.5 L of Staatl. Fachingen STILL on dyspeptic symptoms and heartburn. The water was demonstrated to be safe and tolerable. Although there is need for further randomized, placebo-controlled trials, drinking the mineral water might be recommended for patients with dyspepsia and heartburn and may help reduce accompanying symptoms and thereby improve quality of life. Given the fact that functional dyspepsia and heartburn impact work productivity and lead to substantial healthcare costs [31] , hydrogen carbonate rich natural mineral water such as Staatl. Fachingen STILL might be a safe and tolerable alternative remedy helping to reduce direct and indirect treatment costs of functional dyspepsia and heartburn.
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